Abstract. Current literature agrees that one of the main results obtained by adopting RFID lies in an improved efficiency increase in material handling operations, especially regarding reductions in the time required to perform certain procedural steps. However, by evaluating only the advantages that can be easily quantified and definitely achieved may lead to limited results. This paper presents a business case of a large European Consumer Packaged Goods (FMCG) company in the cosmetics and beauty sector. Eleven processes in receiving, handling, storage and delivery procedures in one of the main distribution centres of the company were analysed and modelled using a detailed Business Process Modelling (BPM) approach. Since savings were evaluated only in terms of the reduction of resources used -achieved through process acceleration -despite the company dealing in huge volumes of high-margin products, the feasibility study turned out to be negative. Thus, the paper concludes with a brief discussion of how companies should take on this challenge if process timing benefits are insufficient. The detailed process analysis reported in this paper may be useful for operation practitioners or any manufacturing company or distribution centre about to start an as-is versus to-be comparison of their material handling procedures for RFID implementation.
Introduction
In general, the advantages of using RFID in logistics or supply chain management have already been acknowledged (Vecchi, & Brennan, 2010; Attaran, 2010; Hinkka, 2012; Loebbecke, 2005; Sameer et al., 2009; Holzer, 2009; Sabbaghi, & Vaidyanathan, 2008) . Literature agrees that the most important applications of this technology are in production/inventory systems (Chowa, 2006; Nambiar A, N., 2009; Hardgrave et al., 2009 ): picking, stacking, shipping and other material handling operations can be performed more efficiently, accurately and automatically, with potentially significant time savings. Inventory levels can be checked in real-time and the correct replenishment strategy is automatically achieved (Lee et al., 2011) ; visibility of warehouse operations and workers' productivity are critical issues (Poon et al., 2009; Battista et al., 2013; Fumi et al., 2013 ) that can be improved. On top of this, intelligent information systems which incorporate route optimizing programmable models, as well as automatic data identification based on RFID to assist logistics service providers are now available (Werner et al., 2010; Wei, & Leung, 2011; Escribano et al., 2012) .
However, in a survey compiled by the Warehousing Education and Research Council (WERC) members, aimed at defining what challenges they were facing in RFID implementation, it was clear that many companies were not considering RFID adoption at all (Vijayaraman, & Osyk, 2006) . Despite its huge flexibility (Ferrer et al., 2010 (Ferrer et al., , 2011 Zhu et al., 2012) , several RFID project failures have been recorded due to the incorrect inclusion of key success factors (Ngai et al., 2012) and many decisionmakers still considered RFID technology to be useful only to large organizations, due to their capability for exploiting scale economies. Despite us being far from a general representation of the ideal RFID adoption process, the possible obstacles that we may come across in an implementation project have been thoroughly analysed together with potential solutions (Wu et al., 2006) ; specifically, attempts have been made to establish the optimal configuration for RFID in warehouse management (Pacciarelli et al., 2011) .
The most common approach to perform an economic evaluation of the RFID implementation opportunity is to develop a feasibility study computing some profitability indices such as Return on Investiment (ROI) and Net Present Value (NPV) (Simeonov, 2004; Bottani et al., 2008; Bertolini et al., 2010) . However, these methods require the computation of the Discounted Cash Flow (DCF), which, in turn, requires a precise economic estimate of all the benefits derived from the introduction of RFID technology over a timeframe of at least five years. Here, considerations of fixed (infrastructure) costs and variable (tag) costs associated with implementing and using the system are compared to the potential economic advantages (Riggins, & Hardgrave, 2007) . Some benefits, however, are not easy to estimate and correlate with the RFID introduction, e.g. increase in quality of work. Thus, a great part of feasibility studies focus on savings that can be easily quantified and definitely achieved.
Traditional accounting systems focus on the evaluation of tangible assets, ignoring the increased value given by intangible assets to business performance (Cricelli et al., 2008; Greco et al., 2013) . In most cases, especially in the manufacturing sector, the analysis primarily relies on tangible benefits related to efficiency increase, specifically to the reduction of resources used due to time savings, which is obtained by deleting certain manual steps in the material handling procedure in the inbound logistic processes. For instance, in an exhaustive study by Bottani et al. (2008) , a panel of 11 major companies, namely 6 manufacturers and 5 distributors of FMCG, were considered to depict a representative supply chain in which RFID benefits could be quantitatively analysed. Results show that, in the most general case of tagging at pallet level, 90% of savings in "receiving" operations for the manufacturer were attained by reducing the amount of time required to perform certain procedural steps; in distribution centres, time reduction in "shipping" operations accounted for 80% of total savings and for 90% of "inventory management" operations in retail stores. These results may convince management to concentrate mainly on savings in terms of time reductions. However, focusing the analysis on these factors alone may cause the business case ROI to become negative (De Souza et al., 2011) . This paper presents a business case of a large European Consumer Packaged Goods (FMCG) company evaluating RFID introduction into one of its distribution centres. The company, operating in the cosmetics and beauty industry, was urged to test RFID profitability by a big retailer company, which forced its suppliers to deliver pallets and delivery cases using RFID tags. The company's management considered this requirement as a good opportunity to start a streamlining process study. The analysis was carried out with a detailed Business Process Modelling (BPM) approach, and the savings were evaluated only in terms of the reduction of resources used, achieved through process acceleration. As a result, despite the company dealing in huge volumes of high-margin cosmetic and beauty products -which seemed an ideal context in which to adopt RFID tagging -the feasibility study turned out to be negative. On top of the remarks about the opportunity of evaluating the RFID project only through time savings, the detailed process analysis reported in this paper may be useful for operation practitioners or any manufacturing company or distribution centre which is about to start an as-is versus to-be comparison of their material handling procedures for RFID implementation. Even if these diagrams refer to a specific industrial case and are not intended to represent ideal procedures, they may be used both as an example of the detail level at which a process analysis should be performed, and as a reference to check whether time savings can be achieved in certain steps of the inbound logistic procedures.
Process modelling and analysis approach
As reported by several authors (Tzeng et al., 2008; Fera et al., 2013) , the development of an RFID project is a complex task, involving not only "buying hardware and software", but also the reengineering of internal processes and provision of a new definition of procedures and activities for RFID implementation, according to the business process re-engineering (BPR) approach (Hammer, & Champy, 1993; Bevilacqua et al., 2011) . The traditional methodology is based on business process analysis as a tool to map, document and understand processes, and includes, among others, the following steps (Bottani et al., 2008 Bottani, Ferretti et al., 2009): 1. documenting the current process; 2. defining its future state based on RFID implementation; 3. estimating value and productivity performance metrics of RFID processes.
The feasibility assessment is generally performed through the implementation of three sub-steps, namely "as-is analysis", "to-be re-engineering" and a final costs and savings assessment. The as-is analysis is a systematic data collection phase, concern-ing relevant processes, operations and activities currently performed and targeted for study within the RFID project. Here, attention is mainly paid to the time necessary for the completion of every single step of the process. This time analysis is performed using real time measurements. Sometimes only the more promisingly profitable logistic processes are considered, in order to obtain an initial idea of the real advantages that this technology may bring. Starting from the as-is analysis, the feasibility assessment should provide to-be re-engineering scenarios, hypothesising a new definition of procedures, activities and operations that perform the same processes adopting RFID technology (Bottani, Ferretti et al., 2009) . With the introduction of the new technology, some of the steps in each single process may take less time or may even no longer be necessary. On the contrary, sometimes the RFID introduction may create some new, time-consuming steps. By analysing the gap between costs and savings resulting from the implementation of to-be re-engineered processes, the relevant economic figures can be derived.
BPM is a consolidated approach for representing processes by providing a base for measuring their performances analytically. The modelling must be closely related to performance metrics (Han et al., 2009) , thus the choice of the appropriate detail level in representing the process diagram is critical. It is crucial to adopt a notation that can be easily understood by all business users, from the business analysts that create the initial processes drafts, to the technical developers responsible for the implementation of the technology that will support those processes and, finally, to the people who manage and monitor those processes. The BPMN -Business Process Model and Notation (OMG, 2011) seems to be perfectly suited to represent business processes in order to perform BPR analyses that support RFID project evaluations.
A case in the FMCG industry
The receiving, handling, storage and delivery processes carried out in a 200,000+ m 2 distribution centre of a primary European company in the cosmetics and beauty sector have been analysed. The company's name, the project details and some specific process data could not be reported in the paper due to confidentiality reasons.
The estimate of the time savings resulting from the introduction of RFID was performed using a detailed process analysis. As-is diagrams were compared with to-be diagrams, which represent the case of RFID being used; steps that need to be added, due to the new technology introduction, were identified and highlighted (dotted contour line in the following charts), as well as those that can be eliminated (shaded boxes). The time saving achievable through RFID introduction in each step of these processes was estimated by a team of internal analysts, who measured the time duration of the as-is process and simulated the procedure assuming the presence of RFID smart labels.
Every step where pallets and/or cases were moved ("touch-points") and each identification phase where a manual/automatic data entry occurred were analysed ( Fig. 1) . The sequence of these steps was greatly influenced by the company's Enterprise Resource Planning (ERP) system procedures. In this specific case, as in most FMCG corporations, the ERP manages material handling and storage operations using two different modules: the warehouse management module (WM), which concerns storage and operations that include the movement of items inside the warehouse by implementing slot-locating capabilities, and the material management module (MM), which manages the handling process before the shipment phase. Only goods recorded as "booked" in the MM can be invoiced and sold to the customer. Conversely, goods entering the warehouse need to be fetched by the WM module in order to proceed with the physical storage operation.
Eleven processes were analysed and are listed below:
7. process for replenishment of case positions (transaction from WM to MM); 8. process for re-storage operations (transaction from MM to WM); 9. process for full pallet shipping; 10. process for mix-sandwich pallet shipping; 11. process for delivery case shipping.
The large array of symbols and icons in the BPMN 2.0 standard seemed excessively sophisticated to represent the company's processes. Furthermore, in order to avoid the company having to implement BPMN 2.0 training, only the simpler symbols were used.
Process diagrams and analysis

Receiving of goods and storage
Receiving and storage procedures differ in the case of goods coming from other warehouses, external factories or co-packers, mainly because some information might already be integrated into the company's ERP, and due to the possible need for checking the content of incoming pallets or printing barcode labels. Generally speaking, the receiving process starts when the company receives a delivery notice with information regarding the type and quantity of incoming goods and trucks that need to be unloaded.
Diagrams showing these processes are depicted in Figs. 2, 3 and 4 below. It is possible to see that many steps could be eliminated through the introduction of RFID technology. This was clear from the beginning of the project, and it was the belief of the company's management. Note that all items are batched in cases, which are consolidated in pallets. The latter are the logistic units (Warehouse Unit, WU), identified through the 18-digit Serial Shipping Container Code (SSCC). In the as-is scenario the SSCC is encoded in a barcode, while in the to-be scenario a smart label with barcode and RFID is used in order to store the SSCC and the Electronic Product Code (EPC).
In the to-be process, the option of using forklifts with RFID readers was considered to save additional time by avoiding manual scans by warehouse employees. Results of the time difference computation between the as-is and to-be processes, for each of the three cases, are shown in Tables 1, 2 and 3. Only the process steps with significant time variations are listed. Values refer to the handling of one single unit (pallet, in these cases) in each process.
It is possible to see that significant time savings may result from the introduction of RFID in these three processes. Time increases highlighted by ( * ) in the above tables refer to the printing of new labels, when problems are detected in terms of discrepancies between the delivery note and real delivery data. Since discrepancies occur only rarely, the time increase was estimated as the ratio between the average time taken to print the new label (10") and the frequency of discrepancies, estimated using the reported quality rates. 
Full pallet picking
In picking operations (Fig. 5) , transactions from WM to MM need to be performed. When picking an entire pallet, the time needed to manually scan its WU bar code and to retrieve the voucher is replaced by an EPC read operation that is automatically performed by the RFID forklift readers as the pallet is picked. Time savings are reported in Table 4 .
Goods shipping to other warehouses
Similarly to what happens in full picking operations, RFID can reduce the time needed to scan and remove the voucher in goods shipping to external warehouses (Fig. 6) . In this specific case, since it is not a selling procedure, the transaction is recorded from the internal WM to an external WM module of the Company's ERP. Time savings are reported in Table 5 .
Relocation operations
Pallets are handled internally within the warehouse (Fig. 7) for relocation purposes and thus the transaction is recorded only within the WM module of the ERP: here the use of RFID can achieve time savings only during the identification phase before the storage positions are changed. Time savings are reported in Table 6 . 
Replenishment of case positions
Here (Fig. 8) , cases are picked and brought to the positions where they are assorted in mix. Pallets must be unwrapped, since they do not need to be shipped, and thus the smart label is lost. A transaction is recorded from the WM to the MM module. Time savings are reported in Table 7 .
Re-storage operations
This process (Fig. 9) is related to the movement of products from material management back to the warehouse ("back-to-stock"). It is necessary to print a new WU voucher in order to again ensure a coherent identification of the pallet. In this case, RFID technology does not grant any time saving, since the RF tag printing and affixing operations take almost the same time as the bar-code device setting and scanning activities, as it is possible to see in Table 8 .
Goods shipping
With the RFID-enabled process for managing mix and sandwich pallet shipping (Fig. 10) , as well as for delivery cases (Fig. 11) , new steps are needed: the warehouse employee uses a scanner connected to a portable RFID printer. Full pallets (Fig. 12) already have a smart label with an SSCC code, while for mix and sandwich pallets, as well as cases, a new label must be printed and affixed. All goods are ready to be shipped, since they were already recorded in the MM module during the picking phase. Some problems are encountered only when defective labels are printed (during the first tests, the defective label rate was 6% -in these cases the printing operation must be repeated) and when the input label roll needs to be replaced (one roll contains 1000 labels, thus roll substitution was not infrequent). Time savings are reported in Table 9 .
Cost-benefits analysis
In order to quantify the total time savings, the number of handled units in each process was considered. This data is shown in Table 10 . Considering an average hourly cost of 17.40 D /hour per employee, estimated from internal reports analysis, a rough calculation of the economic value of time savings due to RFID introduction in the analysed processes give approximately 22.9 KD in the examined year, as shown in Table 11 . In each process, time savings were multiplied by the number of handled units and by the aforementioned average cost of employees.
It is important to note that it is often unrealistic to estimate cost savings through a mere computation of process time reduction: for instance, underutilising an employee does not mean saving part of his salary. However, in this specific case, these problems were overcome by the negative results of the economic analysis, which are explained in the following paragraphs.
The advantages of RFID introduction must be compared with the cost related to the new system implementation and management. In order to perform a complete calculation of the economic feasibility of RFID adoption, a detailed analysis of each cost entry related to the project is needed. As usual, costs can be divided into capitalized and operational expenditures. Capitalized expenses include hardware (readers, gates, printers, control and data-storage systems etc.) and software (middleware, legacy system interface software, application integration, etc.). Operational expenditures include hardware and software maintenance and software licenses, training, subscription to EPCGlobal and, most importantly, label cost. A comprehensive list of cost entries related to RFID implementation can be found in Bottani and Rizzi, 2008. There are also a few more details to consider: -data storage capacity is needed to store a log of item movements and information (EPC code, date, location etc.). It is important to note that in modern distribution systems, for each byte of stored data, roughly 3-3.5 bytes of storage space are needed (databases are typically cloned and each one is associated with a compressed backup); thus to save 1 GB/year over a 10-year horizon implies the need for 30-35 GB of free storage space; -maintenance costs generally vary between 15% and 25% of the initial investment cost. In order to take advantage of cost improvement opportunities, a 5% reduction of this percentage must be applied each year (Mancini et al., 2012) ; redundant hardware should be taken into consideration, especially when dealing with portable devices (handheld readers, portable printers, etc.). -the annual subscription to EPC Global is paid -in the country in which the company is headquartered -based on annual turnover. EPC Global is an organization set up to achieve worldwide adoption and standardization of EPC technology; the annual subscription covers full access to the EPC global network, standards, EPC Global working groups and the Object Naming Service (ONS), which allows the use of legacy 64-bit tags in an EPC global compliant trial. Additional fees can be requested for single divisions or subsidiaries.
Tag or label costs obviously depend on the total number of handled items which, in turn, depends on the management's choice to tag either at pallet, case or item level. It is essential to distinguish between a tag and a label: a tag is the core component where data is saved, composed of antenna and a memory unit; usually, it is not possible to affix a tag directly to the item, and the tag must first be printed on adhesive paper. On a paper label, a human readable code and a barcode which backs up the RFID data -for instance the Serial Shipping Container Code (SSCC) and the Electronic Product Code (EPC) code -may be printed. In this way a "smart label" is created. While a tag can cost 0.10-0.15D , the cost of a smart label may increase up to 0.40 D , including printing. In this specific case, EPC Class 1 Gen 2 868 MHz smart labels were considered, at a price of 0.25D each. Smart labels need to be added to all pallets in the receiving processes and in all shipments of mix/sandwich pallets and cases (full pallet shipping would benefit from having the labels affixed during the receiving process). As shown in Table 12 , the total label cost clearly exceeded the estimated savings. It is noticeable that more than 60% of the label cost is due to the shipment phase and this is because handling mix/sandwich pallets and delivery cases requires the company to reprint additional labels, thus wasting time and money.
For the sake of completeness, the main cost entries of the investment are summarized in Table 13 below:
Adopting an amortization period of 5 years for hardware costs and of 3 years for software costs, the project would not turn profitable even assuming zero-cost labels. Clearly, the handled volume growth rate could not affect the analysis results, since the savings would increase as well as the cost. Thus, the RFID implementation project was cancelled from the company's plan.
Criticism of the presented approach
Despite its precision and high level of detail, the analysis described showed a limited view on the part of the company analysts, who only examined the timing benefits of RFID. Analysing process times alone may very well be insufficient to justify the large costs associated with an RFID project of this size. In more complete cost-benefit analyses related to RFID introduction, benefits are generally classified in the following categories (Mancini et al., 2012): -benefits related to an increase in efficiency, i.e. resource productivity increase or process quality increase, with a consequent decrease in resource costs; -benefits related to an increase in effectiveness, i.e. improvement in the critical-toquality levels or in customer satisfaction with a consequent increase in revenue; -benefits related to improvements in data management, i.e. increase in quantity, quality and timeliness of information available to managers; -benefits related to compliancy with possible legal requirements; -benefits related to an improvement in the company image.
The approach presented only focused on a specific aspect relative to the first point. One may certainly agree that the economic return of improvements due to compliancy with possible legal requirements and company image improvements may be difficult to estimate. However, efficiency and effectiveness increases are tangible benefits that analysts should not neglect to take into account when assessing an RFID implementation, even if these benefits originate from several different aspects, which may not be as easy to evaluate as process time savings (Bardaki et al., 2010; Curtin et al., 2013) .
For example, from a work force requirement point of view, on top of the process steps described in this paper, some other operations in a Distribution Centre may be accelerated thanks to RFID (Bottani, & Rizzi, 2008) . The following activities may not be included in the standard day-by-day procedures but in some industrial contexts may significantly absorb man-hours:
-checking operations and amending errors in handling operations; -performing general and replenishment inventory counts; -identifying items/cases/pallets location (Angeles, 2005) ; -updating the information system. Moreover, from a material management point of view, more benefits may result from the substantial reduction of stock level and product shrinkage:
-shrinkage encompasses products whose shelf life has expired due to incorrect application of FIFO (first-in first-out) or FEFO (first-expiring first-out) policies to inventory management (Bushnell, 2000) ; -benefits of stock-out reduction have the potential to significantly impact the overall profitability of the implementation.
Bottani & Rizzi in 2008 suggested a precise method to calculate the benefits of shrinkage and stock-out reduction for RFID implementation in Distribution Centres.
Other economical returns may come from improvements in data management: the availability of precise real-time data allows: -improvements in forecasts (Asif, & Mandviwalla, 2005) ; -reduction of the overall supply chain inventory waste caused by the bullwhip effect (Alinean, 2006; Lapide, 2004) ; -higher accuracy in the event of product recalls (Bottani, 2009) ; -reduction of turnover losses due to counterfeiting, if RFID is used for item-level tagging to ensure product authenticity (Montanari, & Rizzi, 2007) .
Clearly, these last four improvement possibilities are harder to quantify when compared either to time-savings or to shrinkage/stock-out reduction. But this should not discourage the analysts from including them in the analysis.
For example, the adoption of RFID technology can also lead to a gain in competitive advantage with vendors/customers/3PL service providers, and this would help the company to maintain a technological leadership position. However, this is typically considered as a purely intangible benefit and, thus, it is often excluded from a preliminary economic assessment. On the contrary, forecasting errors, as well as counterfeiting losses and stock levels together with the risk associated to a product recall are, or should be, numerically quantified in most companies. Despite the fact that they may be considered indirect effects of RFID introduction, the related tangible benefits may be significant.
Conclusions
This paper offers the reader an interesting cue for evaluating the profitability analysis of an RFID project and a return of experience with a concrete measure of some practical economic advantages. We presented the results of process streamlining analysis and cost reduction opportunities related to the introduction of the RFID system into a distribution centre of a big Fast-Movers-Consumer-Goods (FMCG) company selling high-margin cosmetic and beauty products. Despite it appearing to be an ideal context for the adoption of RFID tagging, the feasibility study gave a negative result. This is due to the fact that the savings were evaluated only in terms of the reduction of resources used by process acceleration. Several papers show that, generally, savings from RFID introduction consisted mainly of shortening the time required to perform certain procedural steps. Thus, every inbound logistics process, from the receiving of goods to their shipping, was analysed with a detailed Business Process Modelling (BPM) approach, comparing the as-is material handling procedures with a to-be state resulting from RFID implementation. However, the cost of labels alone, on top of capitalized expenses, superseded the value of savings. This negative result can be explained mainly by two reasons:
1) due to the presence of mix/sandwich pallet and delivery case shipping, a great number of the received pallets do not maintain their integrity, and so several units need to be labelled twice, both during the receiving and the shipment processes; 2) the economical evaluation was based only on resource reduction resulting from time savings. This limited view on the part of the company's analysts who did not examine the additional benefits of RFID introduction may explain the negative conclusion.
RFID may bring several improvements in quality, security, flexibility and customer service levels and, despite the fact that these are difficult to evaluate quantitatively, their omission can easily lead to a straightforward rejection of RFID before due consideration of the technology is made. Advantages in terms of quality improvements achieved during the receiving of goods and shipping procedures, increase in effectiveness of stock level controls, counterfeit security improvements of products and components, traceability opportunities for production batches and single products, and reduction of out-of-stock situations, are certainly critical issues that need to be translated into economic value in order to obtain a better evaluation of the implementation of this technology.
